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CHAPTER I. INTRODUCTION 
Background 
Indonesia has a total land of 193 million hectares and about 74 percent of 
this, or 143 million hectares, is classified as forest area (Anonymous, 1990a). The 
forests in Indonesia represent the second largest tropical forests in the world. In 
fact, Indonesia is considered the dominant tropical hardwood producer in 
Southeast Asia (Chang et al., 1993). 
The forest resources in Indonesia are indeed of vital importance not only for 
the economic development of the country, but also for ensuring the continued well-
being of the nation (Hardjosentono, 1971). The forest management policy has 
prioritized the sustainable yield principle that emphasizes multiple maximum 
usage of the forest land. Logs are not only benefits from the forests but also 
represent a potential for achievement of other forest products and services. 
On the basis of function, the Indonesian forests are divided into four main 
categories, namely: protection forests that cover about 21 percent of the total 
forest land, park and reserve areas that comprise 14 percent, production forests 
that account for 45 percent, and conversion forests that cover approximately 20 
percent (Anonymous, 1990b). 
Protection forests are directly assigned to protect the quality and flow of 
water and the stability of watershed areas and are, therefore, completely closed to 
commercial purposes. Conservation areas are established to provide the proper 
habitat for oriental flora, fauna, and genetic resources. National parks, considered 
valuable habitats for flora and fauna, are also assigned for recreational purposes 
because of the uniqueness, beauty, and the diversity of the sites. Production 
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forests cover the largest portion of forests and are primarily set aside for forest 
commodity production. Wood, especially tropical hardwood, is the most important 
forest product in Indonesia. But considering selective cutting practices in logging 
operations, tropical forests also secondarily function for natural protection and 
wildlife habitats. However, the main purpose forest production establishment is 
to support the forest product base industries which bring in more than US $ 3.5 
billion in export revenue (Chang et al., 1993). The three main of forest types 
mentioned above are then determined as permanent forests that total about 113 
million hectares. On the other hand, there are also conversion forests that are 
basically production forests,and are assigned to provide the site for alternative 
uses other than forestry such as the extensification of agricultural areas, 
plantation estates, transmigration areas, and other uses. 
A major problem in the very near future, which is becoming critical even 
now, is related to the proper management of these forest lands to ensure 
sustainable production of both goods and services. One aspect of that problem is 
the formulation of an effective management strategy that is consistent with 
economic feasibility and which will ensure a rate of regrowth that can meet the 
demand for timber. 
Organization of Study 
Chapter I gives the introduction, background, and the objectives of the 
study. The study area is also presented in order to describe teak forest 
performance in Java in general and in the Sukabumi forest district in particular, 
in terms of structural, managerial, and social points of view. Chapter II reviews 
literature related to the study. Chapter III outlines the methodologies involved in 
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determining the value of a teak forest plantation that is converted into a 
sustainable system of timber production. Chapter IV presents the results along 
with the discussions of these findings, and sensitivity analyses that are conducted 
relative to forest value determination. The summary and conclusion of the study 
are presented in Chapter V. 
Forest Land and Teak Forest in Java 
Indonesia is the greatest archipelago country in the world, and Java is one 
of its main islands. The total land area of the Java island is only 13 million 
hectares which is about seven percent of the total land area of the country. 
However, more than 60 percent of the total population of the country is found on 
this island. This means that, with approximately 180 million people total 
population in 1992 (Anonymous, 1993a), over 100 million people live in this island. 
Consequently, this population density condition causes pressure on Java's natural 
resources including the forest lands. The population pressure and the need for land 
for other sectors in Java lead to special attention on the management of forests in 
this area. One of these efforts has been directed toward forest management that 
would promote the maximum benefits for local people based on sustainable 
principles. 
Forests in Java comprise about 3 million hectares and represent 23 
percent of the total land area of the island. Eighty seven percent of this forest are 
classified as protection and production forests and are managed by Perum 
Perhutani, a state owned enterprise, under the Ministry of Forestry. Meanwhile, 
national parks and reserve areas are under the jurisdiction of the Directorate 
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General Forest Protection and Nature Preservation, also under the Ministry of 
Forestry. 
The working territory ofPerum Perhutani in Java is about 2.6 million 
hectares. Production forests cover approximately 2 million hectares, which are 
equivalent to 77 percent of the company's working area, and the remaining 23 
percent are protection forests. Based on economic and sustainable production as 
well as on the protection of species and habitat considerations, the company 
undertakes activities such as forest establishment, maintenance, harvesting, 
processing, and marketing of products (Anonymous, 1993a). The company is also 
responsible for complementary business in forest based industries such as 
furniture and handicrafts. 
The forests in Java are classified into two main forest types based on 
species growing in the site: teak forests and jungle wood forests (Boomgaard, 
1992). Teak (Tectona grandis L.f) forests cover about 55 percent of the production 
forests in Java, making teak the major species ofPerum Perhutani's working 
area. The teak species is usually not considered indigenous in Java, but according 
to Van Steenis (1954) as cited by Becker and Van Den Brink (1965) this species is 
certainly native. Jungle wood forest is the term for forest lands on which trees 
other than teak grow, such as Pinus merkusii, Swietenia macrophylla, Delbergia 
latifolia, Eucalyptus alba, Agathis lorathifolia, Rhizophora conjugata, Acacia 
mangium, Altningia exelsa, and other tropical tree species. This type of forest can 
be both plantation and natural forests. 
The management of teak forests in Java dates back to 1874 when the 
principles of sustainable yield were first applied (Anonymous, 1993a). In fact, the 
utilization of teak forests pre-dates 1874. Forest exploitation under the VOC (a 
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Dutch company in East India) existed between 1745 and 1808. When the 
company collapsed in the early nineteenth century, the exploitation was taken 
over by Dutch administrators in far East India (Dutch term for Indonesia). The 
Dutch and British worked hand-in-hand in nineteenth century to exploit the 
forests. In the 1870's, the tumpangsari system or arable farming methods of teak 
cultivation was introduced. The implementation of this system allowed the 
farmers to cultivate food crops among rows of seedlings or young trees up to three 
years of age. 
The government of Indonesia took over the management of teak forests at 
the declaration of independence in 1945. Since then, the old forest service of 
Indonesia had authority over management of the forest. From 1972, Perum 
Perhutani was charged with managing the teak forests in Central and East Java, 
and finally, the forests in West Java in 1978. 
In managing the forests, Perum Perhutani has divided the area into three 
units: Central, East, and West Java, now called Units I, II and III, respectively. 
Each unit is then divided into several forest districts and are considered as units of 
management. A forest district may have several management classes that are 
defined by the species of plantation such as teak, pine, kayu putih (Eucalyptus 
alba), damar (Aghathis loranthifolia), mahogany, and natural or mixed forests. 
One management unit of the forest usually covers an area from 10,000 to 
100,000 hectares. 
Teak forest management consists of forest establishment, forest stand 
maintenance, felling, skidding, and transportation. These practices have remained 
unchanged for a long time. Most activities are conducted manually except for log 
transportation. Tree improvement was introduced in 1981 to produce higher 
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stand volume and quality (Anonymous, 1993a). Forest regeneration practically 
uses seed planting. Pruning activity is conducted when the trees are young or 
when they reach three or four years of age. Regime thinning is done every five 
years and the last thinning activity is carried out ten years before final cutting. 
Thinning involves removal of several undesirable trees such that the residual 
trees have enough space to normally grow. The purpose of thinning is to create 
normal stocking, consistent with following the principles as stated by Schroder 
(1971): (1) to eliminate undesirable trees thereby concentrating growth on 
desirable trees, (2) to salvage mortality, and (3) to obtain earlier revenue before 
final cutting. 
Based on the company's policy the rotation age of teak forests is usually 60 
years in Central and East Java. With the length of an age class being ten years, 
the forests consist of six age class structures. However, this differs from that in 
West Java where the rotation age for teak forests is 40 years. 
As part of Indonesia's social forestry program, food crops such as padi 
(rice), corn, and soybean are planted in combination with tree seedling. The 
farmers are allowed to plant food crops with the obligation of maintaining the main 
tree species. This system is known as tumpangsari or taungya. These activities 
are expected to improve the biophysical environment, increase job opportunities 
and farmer income, and improve human resource quality, especially for the people 
who live inside or around the forests. The tumpangsari practice has been 
improved from time to time to achieve higher agricultural production. Lately, the 
Inmas (mass intensification) program consisting of five actions of agricultural 
practices was introduced. It significantly improved farmer income and farmer 
participation in forestry activities. In this practice, the contract between the 
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company and the farmers usually lasts three to seven years depending on local 
conditions (social, economic, and ecological conditions). 
Teakwood is one of the most valuable forest products in Indonesia. Based 
on the characteristics, the wood is used for furniture, housing construction, 
handicraft, and other activities. The average annual production between 1988 
and 1992 was 750 thousand cubic meters (Anonymous, 1993a). The product 
marketing is for both domestic and foreign markets. The domestic and overseas 
demand prospect for teak products seems very favorable. Considering the 
present demand and future prospects, the system management should work to 
improve sustained use of these teak forests. 
Presently, a management problem has been observed regarding age gaps of 
teak stands in several forest districts in Java. For example, in the case of teak 
management class in Sukabumi forest district where the rotation age is 40 years, 
the area size of each age class is quite different. Age class III (stand age 21 to 
30 years) possesses the largest portion of the area, while age class IV (stand age 
31 to 40 years) has the smallest portion of the area. The data indicate that the 
intensity of forest establishment between 1954 and 1963 was very small, but 
that a crash program of tree planting took place between 1964 and 1973. These 
events have caused a non-proportional distribution of teak forest age class 
structures in the Sukabumi forest district, such that there are more areas with 
age class III and smaller area with age class IV. This leads to a condition which 
results in a large harvest in one year, and a significantly low harvest in another 
year. The condition described above is considered a non-sustainable production 
system and the forests have resulted in what is known as an irregular state of 
forest. 
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Objectives of the Study 
The overall objective of this study is to determine the economic impacts of 
the conversion of teak forests in a selected forest district from the present 
irregular state of the forest into a regulated forest. The ideal state can be 
described as a sustainable yield production system, in which a constant annual 
production can be expected. 
A regulated management strategy requires an area control of teak 
management class in a selected forest district where the site quality is relatively 
uniform in terms of climate and soil. Area control calls for harvesting and 
regenerating the same size of area in the forest for each year or period of time. 
Keeping this in mind, the Sukabumi forest district in West Java was selected as 
the area of study. 
This study employs economic analyses involving determination of the 
present worth of cash flow from the system and the evaluation of the value of a 
teak forest unit that has been converted into a sustained yield production system. 
The specific objectives of this study are: 
1) to determine the optimal rotation age of a teak forest in the Sukabumi 
forest district based on the soil expectation value criterion; 
2) to determine the optimal cutting program as well as replanting 
schedule of the cut area for this management unit using a linear 
programming model; 
3) to determine the value of teak forest unit for permanent timber 
production based on an optimal cutting program; and 
4) to conduct sensitivity analysis to show how the value of the forest 
responds to changes in a selected variable. 
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The analysis is conducted under the assumptions of a fixed real rate of 
discount, a constant product price, and an unchanged demand for teak wood 
produced from the Sukabumi forest district. An equal yield of timber over time is 
also assumed, however, the ecological, environmental, and social impacts are not 
included in this financial analysis. 
The insights to be gained from this study will be very helpful in illustrating 
the economic relationship between the length of rotation, the adopted conversion 
periods for sustainable yield, and the present worth of forest value. 
Study Area 
The study was conducted in Sukabumi forest district, Perum Perhutani 
Unit III, West Java (Figure 1). The forests comprising the area account for 22 
percent of the forest under the Sukabumi district. Geographically, the district lies 
from 60 57' - 70 25' South Latitude and 1060 41' - 1070 00' East Longitude. The 
city of Sukabumi is about 120 kilometers south of Jakarta. 
The region varies from the coast in the south and mountainous region in the 
north, with the highest elevation of 2,958 meters above sea level. Soil formation 
can be divided into three regions: the northern part mostly consists oflatosol, 
andosol, and regosol, the central part is dominated by latosol and podzolic, and the 
southern part is dominated by grumosol, podzolic, and alluvial (Anonymous, 
1992). 
Similar to the rest of the country, there are two seasons (wet and dry) in 
the Sukabumi district. The wet season extends from October to March and the 
dry season from April to September. In general, the area has a wet tropical 
climate with annual rainfall varying from 2,000 - 4,000 mi11im eters, and with 
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average rainfall reducing as we go from the north to the south. According to 
Schmidt and Ferguson's classification, the climate types in Sukabumi district are 
classified as type A in the north, B in the central portion, and C in the south 
(Anonymous, 1976). The mean daily temperature ranges from 18 to 30 degrees 
Celsius (equivalent to 65 to 86 degrees Fahrenheit). The average relative 
humidity is 85%. 
Socio-economic condition 
According to the 1990 census, the population in Sukabumi district 
administration was 1,848,282 consisting of 932,729 men and 915,523 women 
(Anonymous, 1992). The annual rate of population growth was 2.36% in the 
period from 1961 to 1970, had increased slightly to 2.54% from 1971 to 1980, but 
dropped substantially to 1.99% in period 1981 to 1990. Over 80 percent of the 
population live in rural areas with the average density being 466 persons per 
square kilometer in 1992. The population is relatively concentrated in the 
northern part of the district, while the southern part is less dense. 
The economic activities in Sukabumi district are historically primarily 
characterized as agrarian. In 1991 the agricultural sector contributed about 42 
percent to gross domestic product (GDP). The contribution of this sector doubled 
since 1986. The 1991 GDP ofSukabumi district was Rp511,600. This GDP 
increased by 2.5% compare to that in 1990 (Anonymous, 1992). 
The land-use system can be classified into five main categories consisting of 
agricu1turalland', forest areas, plantation estates, housing and yards, and an 
unclassified pattern of areas. Table 1 shows the land-use pattern in the 
Sukabumi district administration. 
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Table 1. Size and percentage ofland-use system in the Sukabumi district 
administration 
Land uses 
Forest: 
state forest 
rural forest 
Agricultural land: 
dry land 
wetland 
Plantation estate 
Housing, construction and yard 
Other classifications 
size area 
(1000 hectares) 
105.3 
56.4 
70.5 
105.2 
84.6 
23.3 
28.2 
Source: Statistical Office of Sukabumi District, 1992 
Forest area 
as % of total land 
area 
22 
12 
15 
22 
18 
5 
6 
The Sukabumi forest district covers an area of about 105 thousand 
hectares comprising 76 percent production forests and 24 percent protection 
forests. Based on management class division, about 15 percent of production 
forests is teak, 56 percent is pine, and the remaining 29 percent i's Agathis 
forests (Anonymous 1993b). The teak forests lie in the south of the forest 
district. 
The teak forest covers an area of 11,450 hectares but, according to an 
inventory conducted in 1992 the pure teak plantations cover 7,866 hectares. The 
rest of the areas are non-teak species offorests, protection forests, and non-wood 
land. Detailed information of teak management class in the Sukabumi forest 
district can be seen in Table 2. 
13 
Table 2. The composition of teak management class in the Sukabumi forest 
district 
Forest class 
Productive forest: 
Pure teak plantationa 
age class I (1 - 10 years old) 
age class II (11 - 20 years old) 
age class III (21 - 30 years old) 
age class IV (31 - 49 years old) 
sub total 
Non teak plantation 
Non productive forests (protection forests and 
non wood land) 
Total 
Area in hectares 
1,243.20 
1,674.35 
4,530.55 
417.65 
7,865.75 
3,102.92 
481.26 
11,449.93 
Source: KPH Sukabumi, Teak forest management planning 1993-2002 
(abbreviation), 1993 
a includes less productive teak forest 
The site quality of the teak forest plantation in the Sukabumi forest district 
is not highly variant in terms of soil and climate (Anonymous, 1993b). Mostly, soil 
formation in this forest is podzolic and grumosol with miocene limestone and 
miocene volcanic parent materials (Anonymous, 1976). 
The climate is classified as type B defined as the annual rainfall of 3,500-
4,000 millimeters. The Indonesian term for site quality of the teak forest in the 
Sukabumi forest district is bonita 3, which indicates such that the height of the 
dominant and co-dominant trees at 30 years old is 26 meters on average 
(Anonymous, 1993b). 
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As a unit of forest management, the Sukabumi forest district carries out 
planting, stand maintenance, harvesting, and log transportation activities. 
According to state regulation, sale of products or logs must be conducted in a log 
yard. The teak log yard in this district lies in Cibarehong village, about 30 
kilometers from the forest area. The teak produced in Sukabumi forest district 
mainly satisfies the local demand. 
15 
IL LITERATURE REVIEW 
Timber Management 
Forests are unique among natural resources. Timber management exists 
within the larger context of biological, economic, and managerial considerations of 
timber growing. Timber management, as defined by Clutter et al. (1987), is the 
management of forest land for commercial timber production. Therefore, the 
main purpose of basic decision making is in response to problem solving of timber 
practices. Management is about making and implementing decisions (Price, 1989) 
and according to Clutter et al. (1987), the process of timber management is 
divided into three sub processes: 
1. Decision making that consists of problem identification, design of 
alternative solutions and selection of the best alternative. The essential 
activity in decision making is the selection of available strategies. An 
appropriate decision making strategy can be chosen if the decision 
maker has clearly identified the objective of management. Since the 
objective in timber production is profit maximization, the decision 
criterion used always measures economic desirability. 
2. Implementation of activities that are required to conduct the selection of 
an alternative. 
3. Controlling process to make sure that implemented activities can reach 
the expected result. 
One characteristic of timber management is that it mostly involves the biological 
and economic considerations simultaneously, and the decision is strongly 
influenced by the purpose of management. 
16 
Choice of Rotation Age 
Rotation age can be defined in different ways. According to Williams (1981), 
it is the number of years between tree crop establishment and final felling. 
Leuschner (1984), as pointed out by Gregory (1987), gave a wider context of the 
rotation age definition by involving the quality and quantity of timber. The subject 
of rotation basically considers the three separate concepts of biological 
relationship, i.e., age, growth and maturity of trees, economic considerations, and 
production function in relation to input factors and product outputs (Clawson, 
1977). 
The meaning of optimal rotation depends on the objective of management. 
The ecological optimum compresses a complete cycle growth, tree maturity, and 
even death and decay. It can be different from silvicultural objectives which 
emphasize natural regeneration, whereas the biomass option seeks the greatest 
increment of product output. The technical optimum is related to the end use of 
the product, while fmancial optimum is directed to achieve maximum net present 
worth (Price, 1989). The same concepts of choice affecting the determination of 
an optimal rotation are presented by Williams (1981) and can be categorized into 
the following six types of rotation ages. 
1. Physical rotation - the natural life-span of trees. 
2. Technical rotation - the length of time needed to grow trees for a 
particular size that meet with the specification of certain markets such 
as for sawn timber, plywood, and pulp. 
3. Silvicultural rotation - the most favorable rotation for natural 
regeneration. This rotation may be shorter than physical maximum 
growth and culmination of vol ume timber production. 
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4. Maximum volume production - This rotation mostly expresses the 
maximum mean annual increment (MAl). 
5. Maximum average income - This criterion emphasizes the rotation 
in term of the greatest average return of money. It may be shorter or 
longer than maximum mean annual increment. 
6. Financial rotation - the rotation that is mostly used in financial 
calculations. The decision considers the maximum present worth, and 
hence is very much affected by external influences such as demand, 
price, and rate of discount. 
Methods of Determining Financially Optimal Rotation Age 
Considering the financially optimal rotation age, it is generally assumed 
that timber enterprises operate under the marginal net benefit motivation. There 
are four measures used to determine the optimal rotation age based on financial 
consideration. These are the maximization of the discounted cash flow (an 
alternative guide to maximization of the net present value), forest rent, land 
expectation value, and financial maturity. 
Maximizing discount cash flow 
The maximization of the discounted cash flow consists basically of the 
selection of the rotation that maximizes the expected net present value (NPV) of 
the plantation using an appropriate rate of discount. The result is obtained by 
subtracting the present value of the discounted costs from the present value of 
the discounted revenues. A higher discount rate indicates a less important future 
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cash flow and the optimal rotation age, therefore, tends to be shorter (Gregory, 
1987). 
There is also an alternative guide or criterion to maximization of the net 
value. The basic notion of this criterion is the equality of a percent change in 
revenue and a percent change in cost. The method is often suited to uneven-age 
forest management (Gregory, 1987). Under the special condition in which cost 
incurred in timber management production is only at the beginning of the rotation, 
the rate of discount would be the marginal cost of holding the stand for future 
years. 
Forest rent 
Forest rent is the term given to the average annual net revenue. It is 
dermed as the gross revenue minus costs except the cost of the discount rate. The 
simple formulation of this criterion is that the net present revenue is divided by 
the age of plantation. If forest regeneration is costless, then the maximum forest 
rent would coincide with the maximum mean annual increment (Gregory 1987). 
Land expectation value 
Land or soil expectation value (SEy) was first developed by Martin 
Faustmann in 1849. The concept was basically developed to solve the problem of 
evaluating the value of forest land for tax purposes (Gregory 1987). The value 
then presents itself as the value of bare land ifit is used for perpetual timber 
production. Gunter and Haney (1984) defined the soil expectation value as the net 
present value of bare land used to produce perpetual rotation of even-age timber. 
For the appreciation of the value of bare land, Clutter et al. (1984) used the term 
bare land value (BL Y) as an equivalent meaning for soil expectation value (SEy). 
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The formulation for calculating the soil expectation value consists of compounding 
the net present value (NPV) to the future as the length of rotation age is 
determined, and bringing this value back to present time as terminating annual 
series. This formulation then becomes: 
SEV = NPV(1+i)ll (l+i~-l 
where SEV = soil expectation value, 
NPV = net present value of cash flow, 
i = real rate of discount, and 
n = length of rotation. 
The SEV is generally an acceptable tool in determining optimal rotation 
when costs and stumpage prices are constant and other factors need not be 
considered (Hoganson and McDill, 1993). From the theoretical perspective, this 
approach has been widely studied involving wider constraints, such as the change 
of costs and prices over time. McConnell et al. (1983) showed an optimal rotation 
in the case of changing prices and costs. If the price grows at the discount rate, 
the evaluation of the optimal rotation age depends on the rate of growth of costs. 
Given that the planting cost grows more rapidly than the discount rate, the age of 
harvest increases over time. With unchanged prices, the lower relative price 
levels will increase the rotation length (Newman et al., 1985). 
Financial maturity 
The term "financial maturity" has received special attention since Duerr 
and his co-workers introduced this concept of determining optimal rotation age in 
1956 (Gregory, 1987). It suggests that the rate of return from the stand should be 
equated to the available rate of return on capital timber investment. Under these 
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conditions, the forest then can be called financially mature. Bentley et al. (1965) 
presented an algebraic and graphical analysis of several financial maturity 
concepts. 
The decision rule followed when using the financial maturity criterion is that 
as long as the stand value grows above the alternative rate of return, the trees 
should be left to grow. If, on the other hand, the value of tree growth drops below 
the alternative rate of return, then we should harvest the stand. The financial 
maturity criterion can be applied to any species of trees under any silvicultural 
system and for any product or combination of products. Typically, a tree develops 
slowly at initial growth, but increases rapidly and then gradually decreases until a 
stage of full growth is reached wherein the tree cease to pay (Davis, 1987). 
Forest Regulation and Sustainable Harvest 
The concept of forest regulation can be applied to both even-age and 
uneven-age forest management (Hoganson and McDill, 1993). The objective of 
forest regulation is to achieve the most efficient sustainable production of size and 
quality from the entire forest (Clutter et al., 1987). The term forest regulation 
refers to traditional levels of forest planning. The essential notion of a fully 
regulated forest is that the age and the size classes represent a proportion and 
consistent growth at a rate approximately equal to the annual or periodic yield, 
and the desired sizes and quality of product may be obtained in perpetuity (Davis, 
1987). Consequently, the methods of forest regulation are primarily based on 
either one or both the major developed factors to achieve the objective of regulated 
forest establishment: area and volume term regulation (Meyer et al., 1961). The 
first principle is simple - harvest and regenerate the same size of area in the 
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forest for each year or period of time. The volume gained from this method is 
defined by the amount of timber on the areas that are scheduled to be harvested. 
This area control criterion is the easiest way to regulate "unmanaged" or irregular 
forests and will ensure that a regulated forest can be achieved within one rotation 
(Davis, 1987). The application of this method in regulating the initial irregular 
forest in any age class structure may yield a fluctuation in volume and size of 
harvested timber while achieving a regulated state. On the other hand, the 
essential decision involved in the volume control of forest regulation is the amount 
of yield to be produced each year or period of time in which the harvestable areas 
could satisfy the amount and distribution of the growing stock as well as its 
increment (Davis, 1987). 
Sustainable timber production is implicitly defined as the management of a 
forest whereby a balance between growth and harvest is achieved. This idea does 
not rule out the possibility of increasing growth to the maximum of the productive 
capacity of the forest (Meyer et al., 1961). The definition of sustained timber 
production given by the Society of American Foresters as quoted by Meyer et al. 
(1961) is "the management of forest property for continuous production with the 
aim of achieving, at the earliest producible time, approximate balance between 
net growth and harvest, either by annual or somewhat longer period". 
Any form of sustainable yield management requires an adequate stock so 
that the annual or periodic production is not depleted or even gradually liquidated 
(Meyer et al., 1961). Therefore, the growing stock must gradually approach the 
ideal state and is referred to as normal volume. An estimated normal volume 
would be periodically evaluated and adjusted as a result of the change of 
silvicultural techniques. 
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Linear Programming Perspective 
Linear programming is a product of modern mathematics that facilitates a 
determination of the best method for allocating scarce resources. The concept of 
general linear programming was first developed by George B. Dantzig in 1947. He 
is considered to be the originator of the simplex method of solving general linear 
problems (Curtis, 1962; Llewellyn, 1964). Linear programming has been defined 
in several ways. Kreko (1962) defined it as a special case of mathematical 
programming in which target function and side conditions or constraints can be 
expressed by linear mathematical relationships. Charnes et al. (1953) as cited by 
Curtis (1962) described it as being "concerned with the problem of planning a 
complex of interdependent activities in the best possible (optimal) fashion". The 
term optimal concerns itself with the problem of maximization or minimization. 
The application of linear programming expresses three quantitative components: 
an objective, an alternative method or process for obtaining the objective, and 
resources and other restrictions (Heady and Candler, 1958). Thus, linear 
programming is associated with complex situations, interaction of variables, and 
computing objective along with the optimization of some criteria of the 
effectiveness of the system (Llewellyn, 1964). 
The practical application of the linear programming technique in forestry 
for timber management planning has been widely studied since the 1960's. There 
has been a number of approaches in solving problems of forest planning using 
linear programming as suggested by the works of Curtis (1962), Loucks (1964), 
Littschwager and Tcheng (1967), Nautiyal and Pearse (1967), Ware and Clutter 
(1971), and Hoganson and McDill (1993). Ridd et al. (1966) presented the 
applicability of linear programming to the regulation of timber harvesting with the 
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primary conclusion that linear programming can be used to provide an optimum 
solution to forest regulation problems. A concept of management regime is a key 
in formulating harvest scheduling problems (Clutter et al., 1987). Each 
management regime serves as a strategy involving a series of harvesting and 
silviculture practices that can be implemented during the planning period. For 
management purposes, forests are usually divided into several identifiable 
compartments that comprise homogenous portions of a forest unit. Various 
identifications are commonly used in this purpose such as working area, age class, 
and site quality. 
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CHAPTER Ill. METHODOLOGY 
This chapter presents details of methods used in this study: identification of 
the benefits-cost components of teak forest management in the Sukabumi forest 
district, determination of the rates of discount to be used, determination of optimal 
rotation age using the soil expectation value criterion, simultaneous determination 
of a cutting and replanting schedule that maximizes net present worth, 
determination of the value of a forest during the planning period and under a 
regulated state in perpetual horizon, and conduct of sensitivity analysis as 
selected variables change. 
In determining the value of a forest, this study followed a model developed 
by Nautiyal and Pearse (1967) and adopted by Buongiorno and Gilles (1987) for 
optimizing the conversion period of an unregulated forest. This model used a linear 
programming method to specify the economic pattern of cutting and replanting 
schedule for this forest during the planning period. The present study used a 
modified version of a procedure presented by Buongiorno and Gilles (1987). The 
modification here was that the study included intermediate and annual cash flows 
in the calculation of the economic objective from timber flow for an even-age forest 
after the cutting and replanting program had been determined. The intermediate 
and annual activities that were taken into account in this study are practiced 
under the current teak forest management in the Sukabumi forest district. 
The unit of measurement used in this study is the metric system (hectare, 
meter, kilogram) which is commonly used in Indonesia. The monetary system is 
rupiah or Rp which is Indonesia's monetary unit. In this study, the rupiah was 
originally used as the basis of monetary unit for economic calculation purposes, 
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and then it was converted into US dollars for discussion purposes. The conversion 
to the US dollar was based on the rate ofRp 2,112 per US $ 1 (KOMPAS 
January 8, 1994). 
Benefit and Cost Identification 
The benefits and costs of teak. forest management are associated with the 
level of management regimes currently practiced in the Sukabumi forest district. 
These items can be described as follows. 
Forest establishment 
The teak. forest establishment uses seed planting in combination with 
the tumpangsari system where local farmers are engaged with the right to 
cultivate food crops among seedling rows but are obligated to plant and maintain 
forest trees. This system allows for the absence of labor costs for planting 
activities and, as compensation, the company gives an incentive to the farmers in 
the form of contract funds. Other cost components in planting activities are site 
preparation such as border sign making and area marking, and establishment of 
infrastructures such as controlling path and a warehouse. 
The tree spacing is 3 x 1 meter, or about 3,300 seedlings per hectare. 
Besides teak. as the main plantation species, Secang species for the live fence and 
Kemlandingan (Leucaena spp) species for slope stabilization are also planted. 
Pruning and weed control 
Pruning is conducted when the trees are three years old. The costs incurred 
for this activity are for site preparation (border sign making and area marking), 
and the cost of pruning is determined by the number of trees to be trimmed which 
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is 3,300 trees per hectare. Weed control is to be done every year until final cutting 
to eliminate competition especially strangler species. 
Thinning 
Thinning is conducted every five years and the last thinning is done 
ten years before the final cut. The number of trees removed from every thinning 
regime is based on a thinning guide and stand table for teak forest inventory 
purposes published by Perum Perhutani for Unit III in West Java. There would 
be a different thinning intensity for every stand age. 
The thinning costs are associated with such activities as site preparation, 
tree felling, sorting, skidding, handling, transportation from cutting area 00 the log 
yard, and storing in the log yard. The thinning activities give intermediate benefits 
except for the first thinning or pre-commercial thin from which no revenues are 
expected. The benefits gained from thinning depend on the age and the number of 
trees removed. Wood quality and volume per unit area would differ for each 
particular stand age class thinned and so does revenue. 
Final cutting 
The major revenue of teak management practices is gained from the final 
harvest. Final cutting activities and associated costs involve site preparation, 
establishement of infrastructures (loading site, temporary logging road, 
warehouse), tree felling, sorting, skidding, handling, hauling, loading, log 
transportation from cutting area to the log yard, and storing in the log yard. Most 
activities of final harvest are conducted manually except for the timber 
transportation. The average distance from the forest area to the log yard is about 
30 kilometers. 
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The estimation of stumpage value is approached by calculating all cost 
components such as cutting, skidding, and transportation to the log yard and 
subtracting them from the total benefit. The benefit is considered as the value of 
timber in the log yard as defined by the price oflog. This approach is to find the 
stumpage value per unit of volume (rupiah per cubic meter). The stumpage value 
per unit of area (hectare) is then calculated by multiplying the amount of timber 
produced per hectare and the net benefit gained per unit of volume. The price of 
timber used in this study is based on standard prices that are determined by the 
company. 
Discount Rates Used 
The reference nominal rate of discount used in this study was 19.40% which 
was based on the average nominal market rate of interest charge by Bank of 
Indonesia for credit investments in 1992 (Bank of Indonesia, 1993). For 
comparison purposes, this study also used discount rates at 40% and 25% lower 
than the reference nominal market rate of interest, and 25% and 40% higher than 
that rate. The fIrst rate is equivalent to a 12% nominal rate and this is actually 
the rate of discount charged for "strategic" or "priority" investments such as small 
investment credit, plantation credits (nucleus small holder, rejuvenation and 
expansion of export plants), new rice field, credit cooperatives, and credit to 
villages (Bank of Indonesia, 1989 as presented by Rais, 1992). 
The study used real rates of discount. There are two formulas in the 
conversion of the nominal rate to the real rate involving the level of inflation 
(Gunter and Haney, 1984). The first approximation is based on the following 
relationship: 
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k = i + J 
or 1 = k - J 
where i = real rate of interest (in percent), 
j = inflation rate (in percent), and 
k = nominal rate (in percent). 
The second formula considers a long period of time and shows the interaction 
between the inflation rate G) and real rate (i). The following equations provide the 
second formula with notations as defined above: 
(1 + i) (1 + j) = 1 + k 
or 1 = Li = l+j 
. This second approximation is more appropriate and accurate for use in forestry, 
given that forestry operations usually involve a long term period of investment. 
Using the last ten years ofinflation rates, the average rate of inflation in 
Indonesia was 7.51% (Bank of Indonesia, 1993). With the reference nominal rate 
of discount of 19.40%, the corresponding real rate of discount would be 11.06%. 
The real rates of discount used in this study based on five selected nominal rates 
are presented in Table 3. 
Table 3. Real rates of discount used based on five given nominal rates and an 
inflation rate of7.51% 
nominal rate (%) 
real rate (%) 
12.00 
4.18 
14.55 
6.55 11.06 
24,25 
15.57 
a Average nominal market rate of interest (Bank of Indonesia, 1992). 
27.16 
18.28 
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Optimal Rotation Age Determination 
The optimal rotation age for a regulated forest is approximated by 
calculating the rotation age that maximizes the soil expectation value (SEV). In 
this study, the SEV was based only on timber production, ignoring minor benefits 
gained from firewood, agricultural products, and intangible forest benefits. This 
study examined the SEV of the forest at different rotation ages at five-year 
interval, beginning at year 20 up to 60 years. 
The first step in calculating the SEV.was to calculate the net present value 
(NPV) of the future cash flows for each rotation age excluding land rent. The 
following formulation was used in this study in determining the NPV of the forest: 
Bf Bt Ct Ca (1+ i)ll- 1 Cf 
NPV = [ (1+ i)ll + (1+ i)t ] - [ C + (1+ i)t + i (1+ i)ll + (1+ i)ll ] 
where NPV = net present value per hectare, in dollars, 
Bf = benefit gained from final cutting, 
Bt = benefits gained from intermediate activities associated with the 
thinning regimes, 
C = costs of forest establishment, 
Ct = costs of intermediate activities associated with the thinning 
regime and pruning, 
Ca = annual costs associated with administration and weed control, 
Cf = costs of final cutting, 
n = length of rotation age, in years, 
t = time or tree age in which intermediate activities occur, and 
1 = real rate of discount, in percent. 
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The second step was the determination of the SEV based on the NPV of the 
forest from the first step. This is accomplished by using the following formula: 
SEV = NPV (1+ i)Il [ (1+ ~)Il- 1 ] 
where SEV = soil expectation value per hectare, in dollars, 
NPV = net present value per hectare, in dollars, and 
n and i are as defined earlier. 
The optimal rotation age was then determined as the rotation age with the 
greatest SEV. A computer spreadsheet program called Microsoft Excel version 
4.0 (Soft - art Inc., 1984 - 1992) was used in calculating the present value of 
future cash flows. 
Determination of Cutting and Replanting Program 
A linear programming method was used in this part of the study to specify 
the cutting and replanting pattern that maximizes the net present benefits. The 
decision variable in determining the optimal cutting and replanting schedule was 
the area cut from a certain age class j during a 10-year period i. The length of teak 
forest age class was 10 years, and the terminal state of the period was then 
defined using the notation p. For the base planning period during which the 
present irregular forest is being converted into a regulated state, this study used 
the length of conversion period equal to the optimal rotation age as defined earlier. 
The planning level in this study required that the cutting schedule and 
replanting program of the logged-over area in a certain 10-year period must be 
completed within that period. For practical purposes, every year within a certain 
10-year period, the area to be cut and replanted should be equal to create a yearly 
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multi-stage forest age structure. The process of cutting and replanting would be 
continued until the end of the conversion period, and beyond that a regulated forest 
would be created with equal size age stands. The level of planning also required 
that the youngest stand age class allowed to be cut must be age class two (stands 
of trees that are 11 to 20 years of age) and the oldest at age class four (stands of 
trees that are 31 to 40 years of age). These requirements considered the highly 
local demand for the teak timber (log) with a diameter ranging around 15 to 40 
centimeters (personal communication with a forest district official). The matrix of 
cutting and replanting program during the conversion period is presented in 
Table 4. 
The objective function expressing the net value of benefit from cutting and 
replanting activities gained during conversion period for the entire forest area 
could then be expressed by the formula below: 
P 4 
Maximize II Ypv = d(YjXij 
;=1 j=2 
where Y pv = net present value gained from cutting and replanting activities 
during conversion period, in dollars for the entire area, 
Xij = area cut from age class j at period i, in hectares, 
eli = discount factor at period i, 
lJ = net present value of stumpage per hectare at age class j (in 
dollars), defined as the present value of benefit from cutting minus 
present value of costs incurred for cutting and forest plantation re-
establishment; for simplicity, the stumpage value of each age class 
is considered as the value at the midpoint of that age class, 
p = terminal state of conversion period, 
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1 = state of lO-year period, and 
J = age class (lO-year age class). 
For simplicity, this study calculated the present value of net benefit for each 
period of the decade at the midpoint of that decade. This meant the future cash 
flow at each decade had a discount factor di = 1 I (1+ i)lOi-lO/2 with terms as 
defined earlier and i as the real rate of discount. 
The optimal rotation age determined earlier became the rotation age of 
regulated forest management beyond the conversion period. Therefore, in 
achieving the objective function, the area of regulated forest for each age class 
must be expressed such that there is an equal size in term of area for cutting. 
This constraint could be formalized as follow: 
Ap+1,j < AI J forj =j* 
and, 
Ap+l,j = 0 for j =j** 
where Ap+ 1, j = stock of area size of age class j at period p+ 1; j = j* is the 
number of age classes for a particular rotation age, and 
j = j** is the rotation age that is greater than j* (shown in 
the matrix in Table 4), 
J = the number of age class for particular rotation age, and 
A = total of the entire area, in hectares. 
Another necessary constraint was the non-negativity of the decision variable 
solved in the linear programming model. This expression is stated as follows: 
Xij ~ 0 for all i andj 
where i and j are as defined above. 
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A linear programming software contained in the Management Science and 
the Microcomputer Version 1.5, Software Engineering System Inc., 1985, was used 
in determining the optimal cutting and replanting program. 
Forest Value Determination 
The value total of a forest is the cumulative value during the conversion 
period plus the value of the regulated forest after that period in a perpetual 
horizon of management. 
The value of the forest during the conversion period 
In this study, the value of the forest during the conversion period was 
determined based on the value of the cutting and replanting program and the 
value of intermediate activities that were associated with the thinning and 
pruning regimes, and the annual values associated with administration and weed 
control. The area thinned during the conversion period was the stock area in each 
period for each age class that was defmed after the determination of the optimal 
cutting and replanting program. The net present value of benefit of this activity 
was approximated using the following formulation: 
Tpv = dtTtAt 
where Tpv = net present value of thinning activity during the conversion period, 
in dollars for the entire area, 
dt = discount factor at time t, 
Tt = the value of stumpage or material removed in thinning activity per 
hectare at time t, in dollars, 
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At = stock area to be thinned at time t, in hectares, and 
t = time in which thinning occurs, in years. 
Current practice in the Sukabumi forest district requires that pruning 
activities be conducted in the stand when it is three years old. This means all new 
plantings during the conversion period would need to be trimmed when they are 
three years old. The NPV of expenses in pruning activities was then calculated as: 
Ppv = dtCpAp 
where Ppv = net present value of pruning expenses, in dollars for the entire area, 
dt = discount factor at time t in which pruning occurs, 
Cp = pruning costs per hectare, in dollars, and 
Ap = stock area need to be trimmed, in hectares. 
Annual payments are associated with administration and weed control 
activities for the entire area as currently practiced. The present value of this 
annual series was then calculated by using the formula: 
(1+ i)lOp - 1 
Epv = Ca [ i(l+i)lOP ] A 
where Epv = present value of annual payment during conversion period, in 
dollars for the entire area, 
Ca = annual payments per hectare, in dollars, 
A = total area of the entire teak forest, in hectares, 
1 = real rate of discount, in percent, and 
p = terminal state of the conversion period (state of 10-year period). 
The total present value of a forest during the planning period was then calculated 
as follows: 
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Zpv = Ypv + Tpv - Ppv - Epv 
where Zpv = net present value of the forest during conversion period, in dollars 
for the entire area, 
Y pv = net present value gained from cutting and planting program, in 
dollars for the entire area, 
Tpv = net present value of thinning activities, in dollars for the entire 
area, 
Ppv = net present value of payment associated with pruning activity, in 
dollars for the entire area, and 
Epv = net present value of annual payments, in dollars for the entire area. 
The value of the regulated forest 
This study assumed that a regulated forest will be managed forever for teak 
production with the same management regime. This type of forest produces a 
constant annual yield wherein the net benefit could be approached by the following 
formula: 
Ra = A (Ya - Ca) 
where Ra = net annual benefit of regulated forest, in dollars for the entire area, 
A = total area (in hectares) 
Ya = the average annual gross benefit gained from timber production (in 
dollars per hectare), and 
Ca = the average annual cost (in dollars per hectare). 
Then, the net present value of benefit for a perpetual horizon could be calculated 
as Rf = Ra / i, where Rf is the net present value of benefit of the regulated forest 
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(in dollars for the entire area), i is the real rate of discount and Ra is as defined 
above. However, since this value will be gained at the beginning of the first 
rotation of the regulated forest or after the regulated forest has been established, 
the present value would be: 
R _ Rf 
pv - (1+ i)10p 
where Rpv = net present value of the regulated forest, in dollars for the entire 
area, 
Rf = the value of the regulated forest, in dollars for the entire area, 
1 = real rate of discount, in percent, and 
p = final state of the conversion period (the first year of regulated 
forest). 
The value of the forest 
The total net present value of the forest for the entire area is the 
summation of the forest value during the conversion period and the value of the 
regulated forest. In this condition, the forest is managed for perpetual timber 
production. The value could be expressed by the following formula: 
Fpv = Zpv + Rpv 
where F pv = total net present value of the forest, in dollars for the entire area, 
Zpv = net present value of forest during the period of regulation, in dollars 
for the entire area, and 
Rpv = net present value of the regulated forest, in dollars for the entire 
area. 
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To determine the total net present value of the forest per unit area size (in dollars 
per hectare) the value of the forest for the entire area (Fpv) could be divided by the 
total area of the forest (A). 
Sensitivity Analysis 
Sensitivity analysis is a process to determine the effect of a change in one 
selected variable on the whole system. In this study, for example, the process 
would show what happens to the present value of a forest if real rates of discount 
change while other factors remain unchanged. It also would show how sensitive 
the value of the forest is to one variable input, such as the real discount rate, for 
example, to the value of forest. Other variables used in this analysis are the 
change in price level, length of rotation age of regulated forest and conversion 
period. 
The real rates used in this study were 40% and 25% lower, and 25% and 
40% higher than the nominal market rate of interest. In this study, the current 
price level was given a notation P3, and there were four other levels of lumber 
prices (25% and 10% lower than current level, and 10% and 25% higher than the 
reference current price level) used in this analysis. Then, they were defined as Pl, 
P2, P3, P4 and P5. 
Another important variable input analyzed was the length of the 
conversion period. This study examined the value of the forest in which the period 
of conversion was longer than the optimal rotation age defined by the greatest 
SEV. The periods used in this study were one and two lO-year periods longer than 
the optimal rotation age. This analysis would answer how much the opportunity 
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cost or benefit would be if the benefit of the regulated forest was to be postponed 
by having longer periods of conversion. 
In this study, the present value of teak forest was first determined as the 
present value of the forest in which the rotation age of the regulated forest was 
considered as optimal, that is, the rotation that had the greatest soil expectation 
value (SEV). This value was examined at different real rates of discount, various 
levels of price, and periods of conversion. Then it was compared to the present 
value of the teak forest in which the rotation age of regulated forest was at the 
rotation currently practiced in the Sukabumi forest district (or 40 years). 
Data Collection 
This study used secondary data collected from various sources such as 
reports, publications, forest management planning documents, and other related 
references. Technical data on the teak forest were mostly collected from the office 
of the Sukabumi Forest District and the office of Cianjur Forest Planning Division, 
Perum Perhutani Unit III. 
The components of costs and expenses were taken from the standard costs 
set for forest management in Sukabumi forest district. The product prices were 
the standard prices of teakwood produced from the region of Perum Perhutani 
Unit III, West Java, as published by Perum Perhutani in 1993. The forest and 
stand information were taken from the results of the teak forest inventory 
conducted in 1992, the teak forest management plan of the Sukabumi forest 
district for years 1993-2002, and the stand table of teak forests for inventory 
purposes in West Java published by Perum Perhutani Unit III. 
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IV. RESULTS AND DISCUSSION 
Optimal Rotation Age 
This study examined nine different rotation ages of teak. forest beginning 
with age 20 up to 60 years at 5-year intervals. The current teak forest 
management practice at the Sukabumi forest district observes a rotation age of 
40 years. The results of this study showed that optimal rotation age for teak. 
forest management in this forest district is 30 years which, at the real rate of 
discount 11.06%, gives the greatest soil expectation value (SEy) of US $480.50 
per hectare (Table 5). 
Table 5 also shows that at the reference real rate of discount of 11.06% , 
the SEV decreases at longer rotation ages. This means that the postponement of 
final cutting into a longer rotation age is not financially worthwhile. The SEV at 
the optimal rotation age of30 years is 47.7% higher than the SEV at 40-year 
rotation age that is currently observed in the Sukabumi forest district. This 
indicates that, at this reference real discount rate, the opportunity cost of waiting 
for another 10 years final harvest is US $155.09 per hectare. Tables A1 to A9 on 
the Appendix A show the information on the SEV calculated at different rotation 
ages at the reference rate of 11.06%. 
As indicated on table 5, the SEV is smaller at higher discount rates. At the 
real rate of discount of 18.28%, i.e. 40% higher than the current nominal market 
rate of interest, the forest gives a negative SEV for rotation ages exceeding 35 
years. This negative value indicates that the investment in teak timber 
production is not financially profitable. Therefore, at a higher real rate of discount 
the rotation age tends to be shortened. On the other hand, if investment 
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Table 5. Soil expectation value of teak forest in the Sukabumi forest district at 
different real rates of discount and rotation ages (in US $ per hectare) 
Rotation age Real rates of discount (%) 
(years) 
4.18 6.55 11.068 15.57 18.28 
20 2,995.63 1,458.24 466.46 134.88b 40.94b 
25 3,470.53 1,611.44 475.04 118.46 27.76 
30 5,044.96b 1,825.95b 480.50b 106.56 15.22 
35 3,647.16 1,529.22 370.11 66.10 -7.75 
40 3,267.65 1,434.26 325.41 50.59 -15.54 
45 3,320.90 1,295.80 284.99 40.02 -20.14 
50 3,435.42 1,286.84 271.83 36.36 -21.66 
55 3,257.93 1,195.13 252.50 32.87 -22.88 
60 3,146.95 1,356.80 241.61 31.25 -23.38 
a Real market rate of discount based on 7.51% rate of inflation 
b Optimal values based on each particular real rate of discount 
in teak timber production is categorized as a "priority" investment, the real rate of 
discount would be 4.18%, the optimal rotation age would still be 30 years, but the 
SEY would increase by more than 10 times the SEY at the reference real rate. 
The SEY at this lower rate of discount is US $5,044.96 per hectare, and it 
gradually decreases at longer rotations. At this lower rate, the value of bare land 
to be used for perpetual teak timber production could be relatively competitive 
when compared with other tree species of production forest (such as pine, Agathis, 
and mahogany) or with the production of agricultural commodities. 
Present Value of Net Benefit of Cutting and 
Replanting Program 
The cutting and replanting programs are the initial activities in establishing 
a regulated forest from its present irregular state. Beginning with the planning of 
the cutting and replanting program, the desirable rotation age of the regulated 
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forest should be earlier determined. Based on the study's earlier finding, the 
optimal rotation age for teak forest in Sukabumi forest district is 30 years, and 
therefore, the regulated teak forest should consist of three different age classes 
since this age class is defined at 10-year period. 
This study examined three different planning periods, defined as conversion 
periods, in the establishment of the regulated forest that has a 30-year rotation. 
These three planning periods are 30, 40, and 50 years. The 40-year rotation age 
(that means four age classes of teak forest) that is currently practiced in the 
Sukabumi forest district also will be presented in comparison with the 30-year 
rotation, but now using two planning periods - 40 and 50 years. 
Present value of the forest at a SO-year rotation age 
Using linear programming, the cutting and replanting schedules for each 
period of conversion and age class at different desirable management regimes 
were determined. These schedules gave the optimal present value of the net 
benefit gained from the cutting and replanting program during the conversion 
period. 
The present value of net benefit gained from the program at a 30-year 
rotation age, a 30-year conversion period, and 11.06% of discount rate is US 
$14.43 million for the entire area of 7,865.75 hectares of the teak forest, 
equivalent to a value of US $1,835 per hectare (Table 6). This table shows that, 
in the absence of intermediate cash flows for activities such as thinning, pruning, 
and annual costs, the present value of benefit gained from cutting and replanting 
program is larger at longer conversion periods. As the conversion period is 
lengthened by 10 years and using the reference real discount rate of 11.06%, the 
present value of the net benefit increases by 2.1%. With a 20-year extension, the 
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Table 6. Present value of net benefit of the cutting and replanting program for a 
30-year rotation age at different periods of conversion and real rates of 
discount (in US $ per hectare) 
Conversion 
period (years) 
30 
40 
50 
4.18 
3,238 
3,755 
3,995 
a Real market rate of discount 
Real rates of discount (%) 
6.55 11.06a 15.57 18.28 
2,507 1,835 1,412 1,226 
2,672 1,873 1,421 1,230 
2,803 1,985 1,533 1,339 
increase in the present value of benefits is 8.2%. The higher net present benefit at 
a longer conversion period is due to the larger area that can be cut during that 
period. Therefore, a longer planning period would be a better financial decision or 
more profitable than a shorter planning period in establishing a regulated forest. 
Tables B1 through B5 in Appendix B present the cutting and replanting schedules 
for a conversion period of 30 years at five different real rates of discount with the 
rotation age of the regulated forest at 30 years. 
The rate or percentage of change in the net present benefit of cutting and 
replanting program is slightly larger than the rate or percentage of change in 
product prices. At the reference real discount rate of 11.06% and a conversion 
period of 30 years, the rate of change in the net present benefit, as price level 
increased from P3 to P4 (which is 10% increase), is 11.1%. And a 25% increase in 
price from P3 to P5 would increase the net present benefit by 28.7%. These 
findings indicate that the present value of benefit of cutting and replanting 
program is slightly sensitive to the change in price. Table 7 shows the net present 
benefit gained from cutting and replanting program at the real rate of discount 
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Table 7. Present value of net benefit of the cutting and replanting program for 
a 30-year rotation age at different periods of conversion and price 
levels, and at a real rate of discount 11.06% (in US $ per hectare) 
Conversion Levels of price 
period (years) 
PI P2 P3a P4 P5 
30 1,307 1,499 1,834 2,044 2,360 
40 1,333 1,534 1,873 2,087 2,409 
50 1,411 1,632 1,985 2,215 2,565 
a Current level of price 
11.06% at different periods of conversion and levels of price. 
Table 7 also shows the same characteristic trends as that for the change in 
real discount rates whit changes in conversion period, - a longer conversion period 
tends to give a higher net present value of benefit gained from the program. The 
table also indicates that the 50-year conversion period is the best financial 
decision in establishment of a regulated teak forest in the Sukabumi forest 
district. Tables B6 through B10 in Appendix B present the schedule of cutting and 
replanting at 11.06% reference real discount rate and at different levels of product 
prices for a 30-year rotation age. Tables B11 through B30 on the Appendix B are 
presenting the schedules for different conversion periods (40 and 50 years) at 
different real rates of discount and levels of product prices at the basis of the 30-
year rotation age. 
Present value of the forest at a 4o-year rotation age 
For comparison purposes, two different conversion periods in the 
establishment of a regulated forest for a 40-year rotation age are presented in this 
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study: 40 and 50 years. At a real rate of discount of 11.06%, the present value of 
net benefit gained from the cutting and replanting program for 40- and 50-year 
conversion periods are US $1,876 and US $1,924 per hectare, respectively (Table 
8). This table also shows that with a longer period of conversion the forest tends 
to give a higher net present value of benefit. As the conversion is extended from 
40 years to 50 years at 11.06% real rate of discount the net present benefit 
increases by 2.6%. This means that a 50-year conversion period is only US $48 
per hectare higher or more beneficial than that for a 40-year conversion period. 
Tables B30 through B40 in Appendix B show the cutting and replanting schedules 
for a 40-year rotation age of the regulated forest at two different conversion 
periods (40 and 50 years) using five different real rate of discount. 
Table 8. Present value of net benefit of the cutting and replanting program for a 
40-year rotation age at different periods of conversion and real rates of 
discount (in US $ per hectare) 
Conversion 
period (years) 
40 
50 
4.18 
3,475 
3,861 
a Real market rate of discount 
Real rates of discount (%) 
6.55 
2,571 
2,727 
11.06a 
1,876 
1,924 
15.57 
1,453 
1,474 
18.28 
1,272 
1,282 
The net present values of benefit gained from the cutting and replanting 
program for the same period of conversion and the same real discount rate for 
both 30 and 40 years of rotation age show only a slight difference. The present 
value of net benefit gained from the cutting and replanting program with a-30 year 
rotation age, a 40-year conversion period, and at the reference 11.06% real rate of 
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discount is US $1,873 per hectare (see Table 6). This value is only slightly smaller 
than that for a 40-year rotation age at the same 40-year conversion period and 
real discount rate which is US $1,876 per hectare (see Table 8). However, if the 
conversion period is assigned as 50 years, the present value of net benefit gained 
from the cutting and replanting of the forest with 30 years of rotation age is US 
$61 per hectare or 3.2% greater than that for a 40-year rotation age. Therefore, a 
30-year rotation age of regulated forest is more financially profitable. 
The Value of the Forest 
The value of the forest was determined by summing up two values at 
different periods - the value of the forest during the planning or conversion period, 
and the value of the regulated forest beyond or after the planning period. These 
values were expressed at the present time per unit of area size (in hectare) for a 
perpetual horizon of timber management. The analysis would be presented with 
respect to the 30-year optimal rotation age of teak forest in the Sukabumi forest 
district as determined in this study. For comparison purposes, calculations for the 
40-year rotation (current practice) are also presented. 
The total value of the forest for a 30-year rotation age 
Present value of the forest durin~ conversion period 
The present value of the forest during the conversion period consists of two 
values gained from different activities: the present value of net benefit gained from 
cutting and replanting and the present value of annual and intermediate activities 
which are associated with pruning, administration, weed control, and thinning 
regimes. These management regimes are currently practiced in teak timber 
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management in the Sukabumi forest district. 
For the optimal rotation age of 30 years, conversion period of 30 years, and 
the real rate of discount of 11.06%, the present value of the forest during 
conversion period is US $1,825 per hectare. At this reference real discount rate, a 
10-year longer conversion period gives a value of US $ 1,911 per hectare for an 
increase of 4.7%. The increase would be 9.5% if the conversion period is extended 
into 50 years (Table 9). Therefore, the 50-year conversion period is the best 
alternative in establishment a regulated forest. However, since the opportunity 
benefit gained from a longer conversion period is considered only a small 
percentage, the delaying of the benefit of regulated forest is not worthwhile. With 
a shorter conversion period, benefits gained from the regulated forest can be 
expected earlier. 
Table 9. Present value of the forest during the planning period for a 30-year 
rotation age of regulated forest at different periods of conversion and 
real rates of discount (in US $ per hectare) 
Conversion 
period (years) 
30 
40 
50 
4.18 
3,439 
4,640 
4,927 
a Real market rate of discount 
Real rates of discount (%) 
6.55 11.06a 15.57 18.28 
2,674 1,825 1,389 1,199 
2,933 1,911 1,436 1,240 
2,892 1,999 1,599 1,318 
The rate or percentage of change in the forest value during the conversion 
period is slightly larger than the rate or percentage of change in product prices. 
For example, for the reference real discount rate of 11.06% and a 30-year 
conversion period, the increase of forest value during this conversion period is 
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12.5% as an increase in product price by 10% from P3 to P4. The increase would 
be 31.3% if the price level increased by 25% from P3 to P5. Table 10 shows the 
present value of the forest for a 30-year rotation age at different periods of 
conversion and levels of lumber prices. 
Table 10. Present value of the forest during the planning period for a 30-year 
rotation age of regulated forest at different periods of conversion and 
price levels, and at a real rate of discount 11.06% (in US $ per hectare) 
Conversion Levels of price 
period (years) 
PI P2 P3a P4 P5 
30 1,254 1,473 1,825 2,053 2,396 
40 1,311 1,548 1,911 2,148 2,506 
50 1,382 1,638 1,998 2,250 2,632 
a Current price level 
Present value of the regulated forest 
This is the value of the forest that has already been established as a 
sustainable production system, that is, the value of the forest after the conversion 
period. This value will be received after a complete period of conversion. 
Therefore, the present value is much influenced by the level of the rate of discount 
used. It is assumed that the forest will produce a constant yield and the same 
annual cash flow forever. 
For a 30-year rotation age, current real discount rate of 11.06%, and a 
conversion period of 30 years, the present value of the regulated forest is about 
US $124 per hectare. The present value of the regulated forest sharply decreases 
if the real rate of discount increases. The rate or percentage of change in the net 
49 
present value of the regulated forest is much larger than the rate or percentage of 
change in a real rate of discount. At a 30-year conversion period, as the real 
discount rate changed from 11.06% to 15.57% (equivalent to the 25% increase in 
the nominal rate), the rate or percentage of change (or the decrease) of the net 
present value of the forest is more than 300% (Table 11). This indicates that the 
present value of the regulated forest is very sensitive to the change in discount 
rate. The same indication exists if the period of conversion is extended. This 
decrease in the net present value is due to the postponement of the benefit gained 
from a regulated forest at a longer conversion period. 
Table 11. Present value of the regulated forest (after planning period) for a 30-
year rotation age at different periods of conversion and real rates of 
discount (in US $ per hectare) 
Conversion 
periods (years) 
30 
40 
50 
4.18 
2,232.86 
1,482.58 
984.41 
a Real market rate of discount 
Real rates of discount (%) 
6.55 
725.64 
384.76 
204.01 
11.06a 
123.90 
43.40 
15.20 
15.57 
26.66 
6.28 
1.47 
18.28 
11.33 
2.12 
0.40 
Similar trends of the impacts on the net present value of the regulated 
forest occur as the price of the product changes. But the rate or percentage of 
change in the net present value is only slightly higher than the rate or percentage 
of change in price. For example, at a conversion period of 30 years, if the price of 
lumber increases by 10%, the present value of the regulated forest increases by 
11.5%, and if the rate of increase in price is 25% the rate of increase in present 
value of the regulated forest is 28.8% (Table 12). 
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Table 12. Present value of the regulated forest (after planning period) for a 30-
year rotation age at different periods of conversion and levels of 
price, and at a real rate of discount 11.06% (in US $ per hectare) 
Conversion Levels of price 
periods (years) 
PI P2 P3a P4 P5 
30 83.67 109.62 123.90 138.18 159.61 
40 29.31 38.40 43.40 48.40 55.91 
50 10.27 13.45 15.20 16.95 19.57 
a Current price level 
TQtal12r~aent yah.!~ Qf th~ fQr~at 
The present value of the forest is the total present value of the forest during 
the planning period in addition to the value of the regulated forest after the 
planning period in perpetual horizon. The total present value of a teak forest in 
the Sukabumi forest district for a 30-year rotation age of regulated forest, at a 
real rate of discount of 11.06% and a period of conversion of 30 years is US $1,949 
per hectare. For the rate of discount of 4.18%, the total present value of this teak 
forest would be US $5,672 per hectare. Therefore, if the project in teak timber 
production is categorized as a "priority" investment and gets a lower rate of 
discount, the investment in teak timber production is relatively more profitable. 
Table 13 shows the total present value of the teak forest in the Sukabumi forest 
district as the present irregular state of forest is converted into the sustainable 
system of timber production for a 30-year regulated forest rotation age, at three 
different periods of conversion and five real rates of discount. 
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Table 13. Total present value of teak forest for a-30 year regulated forest rotation 
age at different periods of conversion and real rates of discount in the 
Sukabumi forest district (in US $ per hectare) 
Conversion 
periods (years) 
30 
40 
50 
4.18 
5,672 
6,122 
5,911 
a Real market rate of discount 
Real rates of discount (%) 
6.55 11.06a 15.57 18.28 
3,399 1,949 1,415 1,210 
3,318 1,955 1,443 1,242 
3,096 2,014 1,520 1,318 
Table 13 indicates that in terms of financial considerations, when the period 
of conversion is extended into a longer period, the total present value of the forest, 
tends to increase as it is converted from an irregular state into a sustainable 
system of production. The total present value of the forest for 40-year and 50-
year conversion periods, at real discount rate of 11.06%, is only 0.3% (or US $6 
per hectare) and 3.3% (or US $ 65 per hectare) higher than that for a 30-year 
conversion period respectively. The 50-year conversion period gives the highest 
total present value of the forest and, therefore, it is the most financially profitable 
alternative conversion period in establishing a regulated teak forest in the 
Sukabumi forest district. However, since the percentage of increase in the total 
present value of the forest, such as due to a 10-year delaying the benefit of a 
regulated forest from 30 years to 40 years, is considered very small, the tradeoff 
between an expected extra benefit and a postponement of the benefit of a 
regulated forest is not highly worthwhile. Therefore, based on this particular 
consideration, a shorter conversion period would be a better alternative. 
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Table 14 shows the present value of the forest at different levels of product 
prices corresponding to three different conversion periods at the reference real 
discount rate of 11.06%. This table presents the pattern or trend of the impacts 
on the total present value of teak forest for a 30-year rotation age of the regulated 
forest at different periods of conversion and as price levels are changed 
Table 14. Total present value of teak forest for a 30-year regulated forest rotation 
age at different periods of conversion and price levels in the Sukabumi 
forest district at a real rate of discount 11.06% (in US $ per hectare) 
Conversion Levels of price 
periods (years) 
PI P2 P3a P4 P5 
30 1,338 1,583 1,949 2,191 2,555 
40 1,341 1,586 1,955 2,197 2,562 
50 1,392 1,651 2,014 2,267 2,651 
a Current price level 
The rate or percentage of change in the total present value of the forest 
when it is converted into a regulated state is higher than the rate or percentage of 
change in price level. For example, for the conversion period of 30 years and at the 
reference real discount rate of 11.06%, the increase of the total present value of 
the forest is 12.4% as the price increases from level P3 to P4 which is 10% 
increase. The increase of the total present value would be 31.1% as product price 
increases by 25%. These conditions indicates that the present value of the forest 
is sensitive in response to changes in product price. Therefore, if the company 
sets a policy to increase teak log price, it will significantly improve the value of the 
forest as the present irregular state is converted into a regulated system. 
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The total value of the forest for a 40-year rotation age 
Present value of the forest during conversion period 
The 40-year conversion period gives a value of US $1,936 per hectare to 
the forest when its rotation age is 40 years and the real rate of discount is 11.06%. 
The value slightly increases if the rotation age is extended into 50 years in which 
the increase is US $30 per hectare or equivalent to 1.5%. In terms of absolute 
financial consideration, the 50-year conversion period is a better alternative of 
conversion period in establishing a regulated forest. However, this expected value 
may be considered too low considering that the company has to postpone the 
benefit of regulated forest for 10 years to receive this. Table 15 shows the present 
value of the forest during conversion period with a 40-year rotation age, at 
different periods of conversion, and real discount rates. 
Table 15. Present value of the forest during the planning period for a 40-year 
rotation age of regulated forest at different periods of conversion and 
real rates of discount (in US $ per hectare) 
Conversion 
period (years) 
40 
50 
4.18 
4,199 
4,802 
a Real market rate of discount 
Present value of the re~lated forest 
Real rates of discount (%) 
6.55 
2,733 
2,828 
11.06a 
1,936 
1,966 
15.57 
1,448 
1,474 
18.28 
1,276 
1,280 
At the current rotation age (40 years) practiced for the teak forest 
management in the Sukabumi forest district, the regulated forest gives a net 
present value of US $55.17 per hectare at a conversion period of 40 years and real 
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discount rate of 11.06%. This value is 185% larger than that for a 50-year 
conversion period at the same real discount rate. The value also sharply 
decreases as the rate of discount increases due to the postponement of the benefit 
gained from a regulated forest. Table 16 shows the pattern or trend of the 
impacts on the present value of a regulated teak forest, after the planning period, 
in perpetual timber production at different periods of conversion and real rates 'of 
discount. 
Table 16. Present value of the regulated forest (after planning period) for a 40-
year rotation age at different periods of conversion and real rates of 
discount (in US $ per hectare) 
Conversion 
periods (years) 
40 
50 
4.18 
1,884.58 
1,250.92 
a Real market rate of discount 
Total present value of the forest 
Real rates of discount (%) 
6.55 
489.09 
259.33 
11.06a 
55.17 
19.33 
15.57 
7.97 
1.87 
18.28 
2.69 
0.50 
The alternative rotation age of 40 years for the teak forest management, at 
11.06% discount rate and a 40-year conversion period gives a present value of US 
$1,991 per hectare (Table 17). This is only 0.3% higher than the present value of 
the forest for a conversion period of 50 years at the same real discount rate. 
Table 17 shows that at the current reference real discount rate, both conversion 
periods have almost equal present value. The same argument as the 
postponement of the benefit gained from a regulated forest for a 30-year rotation 
age, a shorter conversion period (40 years) could be a better alternative in the 
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Table 17. Total present value of teak forest for a 40-year regulated forest 
rotation age at different periods of conversion and real rates of 
discount in the Sukabumi forest district (in US $ per hectare) 
Conversion 
period (years) 
40 
50 
4.18 
6,083 
6,053 
a Real market rate of discount 
teak forest regulation. 
Real rates of discount (%) 
6.55 
3,222 
3,088 
11.06a 
1,991 
1,985 
15.57 
1,456 
1,476 
Comparison of Present Value of the Regulated Forest 
Between 30- and 40-year Rotation Ages 
18.28 
1,279 
1,281 
The difference in the total present value of the teak forest in the Sukabumi 
forest district between the rotation ages of 30 and 40 years at real rate of discount 
11.06% is relatively small. At a 40-year conversion period, the difference in the 
total value of the forest between both rotation ages is US $36 per hectare, with 
the total present value of a 40-year rotation age being 1.8% higher than that for a 
30-year rotation age of the regulated forest. But, if the period of conversion is 
extended to 50 years, the forest value of a 40-year rotation age would be 1.4% 
smaller than that for a 30-year. The results indicate that if the forest is converted 
into a sustainable system of production, the present value of the forest at the 
current rotation age practiced in the S~bumi forest district for teak timber 
management does not highly differ from the optimal rotation age of 30 years as 
indicated by the highest soil expectation value determined in this study. The best 
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financial alternative in converting of the present irregular of teak forest into a 
regulated system in the Sukabumi forest district is a conversion period of 50 years 
and for a rotation age of 30 years which gives the highest total present value of 
the forest or US $ 2,014 per hectare at 11.06% real discount rate and current 
price. Table 18 shows the total present value of the forest for 30 and 40 years 
rotation ages based on the reference real discount rate of 11.06%, and at current 
price level P3 corresponding to the different conversion periods. The total present 
values of the forest in this table based on a fIXed real rate of discount, a constant 
product price, and an unchanged demand for the teak wood produced from the 
Sukabumi forest district. It is also assumed that the rate of stand growth remain 
constant over time under normal forest condition of regulated forest. The 
ecological, environmental and social impacts are not considered in this financial 
decision. 
Table 18. Total present value of teak forest for a 30- and 40-year rotation ages 
of the regulated forest at a real discount rate 11.06% and level price 
P3, and at different periods of conversion (in US $ per hectare) 
Conversion 
period (years) 
30 
40 
50 
Rotation age (years) 
30 40 
1,949 
1,955 
2,014 
1,991 
1,985 
For a 50-year conversion period, a 40% decrease in nominal rate of discount 
from the current reference nominal rate 19.40% (or 11.06% real rate) to 12% 
nominal rate (4.18% real rate), leads to an increase of 193% in total present value 
of the forest for a 30-year rotation age of regulated forest. The increase would be 
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205% for a 40-year rotation age at the same conversion period. It indicates that 
the total present value of the forest is very sensitive to the changes in real rate of 
discount. On the other hand, a 25% increase in product price from level P3 to P5, 
at a 50-year conversion period and current reference real discount rate of 11.06%, 
leads to an increase in total present value of the forest by 32%. Therefore, the 
percentage of improving the total present value of the forest is only slightly larger 
then the percentage of increase in product price. 
Since the value of the forest for both rotation ages, at the same real 
discount rate, the same price level, and the same conversion period, is not much 
different the choice of rotation age to be practiced will be influenced by exogenous 
considerations in timber management purpose besides the financial objective, 
such as to produce higher wood quality and to get earlier production. If the first 
objective is emphasized in teak timber management, the longer rotation age (40 
year) is the better alternative. But for the earlier production objective, the shorter 
rotation age (30 years) is more appropriate. Another potential consideration is 
from the ecological and environmental points of view. Since a clear cut operation 
causes negative impacts on ecological, environmental as well as aesthetic 
conditions such as the hydrological system surround a log-over area, wildlife 
habitat, the uniqueness of the site, the postponement of these negative impacts 
would be a better decision, and hence a longer rotation age would be more 
appropriate. 
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CHAPTER V. SUMMARY AND CONCLUSION 
The teak forests in the Sukabumi forest district are presently in an 
irregular state. This means that the age class structure of the forest is not 
proportionally distributed. Among four age classes, age class III (consisting of 
stands that are 21 to 30 years old) comprises the largest portion and age class N 
(consisting of stands that are 31 to 40 years old) the least in this forest district. 
The class age distribution from age class I to IV are 15.8%,21.3%,57.6% and 
5.3%, respectively. This state of the forest leads to a non-sustainable timber 
production system in that too many trees need to be cut in a certain year in the 
future, but less volume can be produced in other years. The alternative solution 
for teak timber management in this forest district is to establish a regulated 
forest where the forest will produce a constant yield of timber from equal size 
cutting areas. 
In the establishment of a regulated forest, there are several alternative 
planning periods that can be selected. These periods are defined as the length of 
time during which the present irregular state of forest is being converted into a 
sustainable system of productio~. Linear programming techniques can be used to 
determine the pattern of the cutting and replanting schedule during the conversion 
period to maximize the present value of net benefit gained from that program. 
This study evaluated the financial impact of teak forest regulation in the 
Sukabumi forest district. It determined the total present value of the forest per 
unit of area (in hectare) at different levels of desirable management regimes. The 
variables in determining the value of a forest were the real rates of discount and 
prices of teak lumber, and different levels of desirable management regimes which 
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are the length of the planning period and the rotation age of the regulated forest. 
In determining the value of the teak forest, this study included other economic 
impacts as a result of management regimes that are currently practiced in the 
Sukabumi forest district. These regimes involved various intermediate and 
annual activities such as pruning, thinning, weed control, and administration. 
Based on the soil expectation value (SEV) criterion, at the current real rate 
of discount of 11.06% and price level P3, the optimal rotation age for teak forest in 
the Sukabumi forest district was determined to be 30 years. It would be 47.7% 
higher than the SEV of a-40 year rotation age, which is the current practice in 
this forest district. This criterion measures the value of bare land if it is used for 
perpetual teak timber production in this forest district. 
The 50-year conversion period gives the greatest total present value of the 
forest for a 30-year rotation age of regulated forest in the amount of US $2,014 
per hectare at a real discount rate of 11.06% and current price level. A 10-year 
postponement of benefit gained from the regulated forest from a 40- to a 50-year 
conversion period gives the opportunity benefit of US $59 per hectare for a 
rotation age of30 years. On the other hand, at the same real discount rate and 
price level, a 40-year conversion period gives an extra benefit of US $6 per hectare 
compare to a 50- year conversion period for rotation age of the regulated forest 40 
years. Therefore, at 40-year rotation, the 40-year conversion period must also be 
the better alternative. 
Since the total present value of the forest at the same real discount rate 
and price level for both alternative rotations (30 and 40-years) are considered not 
highly deferent, the choice of rotation age in converting a teak forest into a 
regulated system in the Sukabumi forest district may be based on exogenous 
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decision factors other than financial objectives. There are two potential objectives 
other than financial consideration for timber management: to produce a higher 
wood quality and to produce an earlier yield. If the purpose of getting higher 
quality of wood is emphasized, the decision would lead to a longer rotation age (or 
40 years). On the other hand, if the objective is to have earlier wood production, 
then the alternative of a shorter rotation age (30 years) is more beneficial. From 
the point of view of the company's sustainibility policy and the ecological view 
point, the 40-year rotation age with a conversion period of 40 years could be the 
better alternative. It gives a total present value of the forest in the amount of US 
$1,991 per hectare at the current real discount rate of 11.06% and price level P3, 
and is only 1.16% less than the highest total present value determined for 30 
years rotation age and 50 years conversion period at the same real rate of 
discount and the same price level. 
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APPENDIX A. SOIL EXPECTATION VALUE (SEV) OF THE 
FOREST IN THE SUKABUMI FOREST 
DISTRICT 
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APPENDIX B. THE SCHEDULES OF CUTTING AND 
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